A possible explanation of the low-velocity, low-Q zone in the upper mantle is partial melting, but laboratory data are not available to test this conjecture. As a first step in obtaining an idea of the role that partial melting plays in affecting seismic variables, we have measured the longitudinal and shear velocities and attenuations in a simple binary system that is corn= pletely solid at low temperatures and involves 17% melt at the highest experimental temperature. The system investigated was NaC1 ß H•O. At temperatures below the eutectic the material is a solid mixture of H•O (ice) and NaC1 ß 2 H•O. At higher temperatures the system is a mixture ooe ice and NaC1 brine. In the completely solid regime the velocities and Q change slowly with temperature. There is a marked drop in the velocities and Q at the onset of melt= ing. For ice containing 1% NaC1, the longitudinal and shear velocities change discontinuously at this temperature by 9.5 and 13.5%, respectively. The corresponding Q's drop by 48 and 37%. The melt content of the mixture at temperatures on the warm side of the eutectic for this composition is about 3.3%. The abrupt drop in velocities at the onset of partial melting is about three times as much for the ice containing 2% NaC1; for this composition, the longitudinal and shear Q's drop at the eutectic temperature by 71 and 73%, respectively. If these results can be used as a guide in understanding the effect of melting on seismic properties in the mantle, we should expect sharp discontinuities in velocity and Q where the geotherm crosses the solidus. The phenomena associated with the onset of melting are more dramatic than those associated with oeurther melting.
INTRODUCTION
Knowledge of the mechanical properties of multicomponent systems in the vicinity of their melting points is required in various geophysical problems. In particular, the behavior of seismic velocity and attenuation near the melting point is pertinent to discussions of the upper mantle low-velocity zone. In this study we have measured the velocity and attenuation of longitudinal and shear waves in the vicinity of the eutectic temperature in a simple dilute binary system. By varying the composition, we have been able to study the effects of temperature and partial melting. We chose dilute solutions so that we could investigate the region involving partial melting. In the system studied, NaCI-I-I•O, the amount of melt could be changed simply by varying either the tempera- Water and NaC1 form a simple binary system that can easily be studied in the vicinity of the eutectie temperature. Both the phase diagram and the geometry of the components are well known. The melt phase (brine) occurs at the grain boundaries in cylindrical channels or thin layers, depending on the temperature. In polycrystalline specimens the melt occurs in irregularly shaped pockets between crystal and subcrystal boundaries. We used a resonance technique and large samples to assure that the wavelengths were always large compared with crystal or melt zone dimensions. Ice rods were frozen from dilute NaC1 solutions, and the resonant frequencies were measured to obtain longitudinal and shear velocities. The quality factors, Q's, were obtained by measuring the width, and in some cases the decay, of the resonance peaks. The measurements were performed on pure H•O ice and on NaCl-ice mixtures as a function of NaC1 concentration and temperature for the fundamental mode and several overtones.
EXPERIMENTAL 1)ROCEDURE
The experiments were performed in a So-Low Environmental Equipment Co. refrigerator. To assure temperature stability the refrigerator was packed with ice, and the experiment was placed inside a styrofoam insulating box.
A carefully measured amount of distilled water was heated close to its boiling point, and the appropriate quantity of NaC1 was added. To remove entrappeal air, the solution was placed in an airtight container and a vacuum (10 torr) was pumped until the solution was boiling slowly. The solution was pumped under vacuum into a Teflon tube 2.54 cm ID and 30.5 cm long. The ultrasonic transducers were supported with Teflon plugs at each end of the tube. To avoid separation of the ice crystals from the brine during the freezing process, the samples were frozen quickly at about --30øC and were rotated at 1 rpm while in a horizontal position. The Teflon tubes were removed when the freezing was complete. After the resonance experiments were performed, the ice rods were melted and the salinity of the solution was remeasured. The salt content of the rod was approximately 10% less than the starting solution owing to concentration of salt at the surface of the rod during the early stages of freezing. The normalized temperature derivatives of the velocities --(l/V) dV/dT are 0.6 X 10-', 0.9 X 10 -8, and 1.4 X 10 -8 øC-• for longitudinal waves in pure ice and 1% NaC1 and 2% NaC1 ice, respectively, for temperatures colder than the eutectic. The corresponding shear velocity derivatives are 0.8 X 10 -8 , 1.4 X 10 -8 , and 2.8 X 10 -8 øC-•, significantly larger than the longitudinal derivatives. The drop in longitudinal velocity across the eutectic for the ice containing I and 2% NaC1 was 9.5 and 28%, respectively. The corresponding drops for the shear velocities were 13.5 and 40%. These velocity decreases occur within 0.1øC but over a time span of several hours when the ice is warming up. When the ice is cooled through the eutectic point, the system is able to supercool by 1.5 ø to 2.5øC. In this case the cuteeric region is spread over a larger temperature range but occurs in a shorter time interval. While the ice warms up, the velocities increase for several degrees immediately after the eutectic has been passed. When the temperature is reversed, the velocities do not show this dip. Figure 5 gives the velocity as a function of brine content and salinity. To achieve a given brine content, the ice containing 1% NaC1 must be much warmer than the ice containing 2% NaC1. For example, a 7% brine content occurs at --8.4øC for the ice containing 1% NaC1 and at --19øC for the ice containing 2% NaC1. Brine content was computed from the phase diagram in Figure 6 and Weeks [1961] . Contrary to our initial expectations, the velocity is not a unique function of the melt fraction. In the 1% NaC1 system the velocities decrease by about 1.2 to 1.4% for each 1% increment in brine content. In the 2% NaC1 system, the corresponding decrease in velocity is about 2%. The Q measurements (Figures 7 through 12) were taken simultaneously with the velocity measurements. The Q decreases slowly with temperature to about --30øC and then begins to rise gradually. There is an abrupt decrease in Q at the eutectic temperature, which in all cases recovers slightly as the temperature is further raised. A peak in anelasticity is often observed at critical points in gas or fluid mixtures. In our case, this phenomenon is complicated by the large change in mechanical properties which occurs when the system goes from a solid-solid to a solid-fluid mixture. It is this mechanical effect that we are primarily interested in. The elastic wave upsets the local thermodynamic equilibrium in a mixed phase region, in this case a salt-water-ice system. This effect is superimposed on the grain boundary loosening associated with the onset of partial melting. When the temperature is reversed, i.e. when the sample is cooled, the ability to supercool (which is related to the difficulty of nucleation) permits nonequilibrium conditions to maintain during the passage of a stress wave, and there is no loss associated with thermodynamic relaxation for the first three shear or torsional modes or the heating cycle for 2% NaC1. A further increase in temperature leads to a small increase in Q for the longitudinal modes. rained in layers between subcrystal platelets, the function of the liquid (brine) seems to be one of decoupling at the grain boundaries. The number of grain boundaries per unit volume, an important parameter, is inversely proportional to the surface area of a grain, and the velocity is a function of the brine content times the surface area of the grains.
CONCLUSTONS
There are a number of generalizations that can be made from the data of this investigation. A small volume fraction of liquid has a large effect on the velocity and attenuation of shear and longitudinal waves. As expected, the effect on the shear velocity is considerably more than the effect on the longitudinal velocity. Because of the anisotropy of the ice rods, no direct comparison can be made between the velocities and Q's of the shear and the longitudinal modes.
The sharp dip in Q at the eutectic point is of more than passing interest. This dip was observed on all the samples but was most pronounced in the shear data for ice containing 1% NaC1. A multicomponent, multiphase system that is in equilibrium will be disturbed by an acoustical signal. The degree to which the equilibrium is disturbed is a function of the frequency and amplitude of the signal. The rate at which the chemical equilibrium can follow temperature and pressure fluctuations (chemical kinetics) controls the frequency dependence of this part of the ultrasonic absorption. At a given frequency, the absorption is a function of the concentration gradients associated with the temperature and pressure fluctuations caused by the stress wave. Energy is absorbed from the acoustic signal and converted into chemical energy. Some of this chemical energy is released in the form of heat as the system attempts to return to equilibrium. The slopes of the curves in Figure 5 give a measure of the extent to which the equilibrium may be disturbed by a small change in temperature. At the eutectic where the slope is discontinuous, the absorption should be a maximum, as is observed. The above described absorption mechanism is well known and has been used to study reaction kinetics in liquids (see, for example, Tabuchi [1956, 1957] ; Yasunaga e• al. [1965] ; Tatsumoto [1966] ) in the megacycles-per-second range. The preceding arguments suggest that a sharp dip in Q will be associated with the onset of partial melting in the mantle. Solid-solid phase changes may show similar dips. The low-velocity zones of the upper mantle has been interpreted in terms of (a) proximity to the melting point [Press, 1959] , (b) high temperature gradients [Gutenberg, 1959; Birch, 1952; Valle, 1956] , and (c) chemical inhomogeneity in the mantle [Ringwood, 1962a and b] . The data of the present investigation indicate that the seismic velocities and Q values will drop abruptly if the solidus crosses the geotherm. If due to partial melting, the boundaries of the low-velocity zone will be abrupt. This is consistent with recent tectonic and oceanic mantle models. The lowvelocity zone will also be a zone of high attenuation and this also seems to be the case.
